CLAIMS 



We claim: 

1 . For an electronic design automation application, a method of placing 
circuit modules in an integrated circuit ("IC") layout, the method co;a(iprising using a 
diagonal line to measure a placement metric. 

2. The method of claim 1, wherein using the jdiagonal line to measure a 
placement metric comprises using a diagonal cu^n^/w measure congestion in the IC 
layout. 

3. The method of claim l/wjie^in a set of nets represents the 
interconnection between a set of circuit ^ements, each net having a number of circuit 
elements, wherein using the diagonalyline to measure a placement metric comprises: 



a) using ^ 
two sub-regions; 



mal cut line to partition a region j0i the IC layout into 



b) 



/easuring the number of nets that have circuit elements in both the 



sub-regions created by /the diagonal cut line. 



4. The methoq of claim 1, wherein the IC layout has a number of circuit 



elements, a net having 
measure a placement 



a s$t of circuit elements, wherein using the diagonal line to 
etfic comprises calculating an estimate of the length of 
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interconnect lines necessary to connect the circuit elements of said net, wherein the 
calculation measures the length of at least one line that is at least partially diagonal. 



5. The method of claim 4, wherein calculating the estimate comprises 
constructing a bounding box encompassing all the circuit elements of the net. 

6. The method of claim 5, wherein calculating the ^timate further comprises 
using the diagonal line to measure an attribute of the bounding/box. 

7. The method of claim 6, wherein said attpbutk is the distance between two 
opposing comers of the bounding box, and said d^qnal/iine traversing at least a portion 
of said distance. 



8. The method of claim 6, ynerein th/ diagonal line is 45° line. 

9. The method of claim/4, whereki calculating the estimate comprises 
constructing a connection graph that modd^ the topology of interconnect lines ^br 
connecting the circuit element^ofthe n^, saijl connection graph having edges, wherein at 
least one of the edges is at lea&Z partiady diagona 

1 0. The method/df claim 9, wherein calculating the estimate further comprises 
calculating the length of mi edges of the graphs. 

11. The method of daim 10, wherein to calculate the length of each edge that 



connects two circuit elei 



mts/the method further comprises: 
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a) constructing a bounding box that encompasses the two circuit 
elements, said bounding box having a long side with a length L and a short side with a 
length S, wherein the two circuit elements are two comers of the bounding box; 

b) calculating the distance (D) between the twoyComers of the 
bounding box by the using the equation D= [L - {S (cos A / sin A)}] + S/sin A, 

wherein in said equation, A represents the angie of a diagonal edge of the 
connection graph. 

12. The method of claim 9^herein the coi^iection graph is a minimum 
spanning tree that includes a diago/fal line and at le/6t one of a horizontal line and a 
vertical line. 



1 3 . The method j6f claim ' 
includes a diagonal line and at lepSt one i 



the connection grapii is a Steiner tree that 
^a horkpntal line^d a vertical line. 



1 4. For an ^ectroi^c dcsig^ automation application, a method of placing 
ted circj6it layout, said layout using a wiring model that 
gonal lifnes, the method comprising using a diagonal line to 
measure a cost of a pjlacei^ent configuration. 



circuit elements in an/integrj 
includes Manhattan and di 



15. The n^ethid of cjlaim 14, wherein using the diagonal line to measure a 

usinfg a diagonal cut line to measure congestion of interconnect 
rtuit elements. 



meth( 

placement cost comprises 



lines that connect the cir 
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16. The method of claim 1 5, wherein said congestion measurement quantifies 
the placement cost of an initial placement configuration. 

1 7. The method of claim 15 further comprising: 

a) modifying the position of at least one cjrcuit element in the IC 

layout; and 

b) using the diagonaj^oit line to r^asure the placement cost of the 
placement configuration after said niodification. 

1 8. The method of :laim 14, wher^n using the diagonal line to measure a 
placement cost comprises/measuring the length of interconnect lines that connect the 
circuit elements by using Manhattan lines and diagonal lines. 

1 9. The/method oflclam 1 8, wherein said length measurement quantifies the 
placement cost of an initial plarement configuration. 

20. /The method yof claim 18 further comprismg: 



a) / modifying the position of at least one circuit element in the IC 



layout; and 



bV / after said modification, measuring the length of interconnect lines 
that connect the bircuit elements by using Manhattan lines and diagonal lines. 
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2 1 . The method of claim 14, wherein the circuit elements include pins of 



/ 



circuit modules. 



22. The method of claim 14, wherein the circuit elem9nts include circuit 
modules. 

23. For an electronic design automation application, a method of placing 
circuit modules in an integrated circuit ("IC") layout, vmerein said IC layout includes a 
net and a plurality of circuit elements, saidmet reprejienting interconnections between a 
set of circuit elements in the IC layout/ the^method comprising: 



a) constructing alDOunding box that encompasses the circuit elements 



of the net; and 

b) using a diagonal line to measure an attribute of the bounding box. 

24. The method^f ^Aa^ 23, wherein said attribute is the distance between two 
opposing comers of th9 bounding b^x, said diagonal line tray^sing at least a portion of 
said distance. 



25. The method of claim 24, wherein the bounding box has a long side with a 



length L and a short 
side of the IC layou 



side with a length S, said diagonal line forming an angle A with a 
wherein measuring the distance (D) between the two comers of the 



bounding box compiises using the equation D= [L - {S (cos A / sin A)}] + S/sin A. 
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26. The method of claim 25, wherein the angle A corresponds to'^the angle of 
at least one type of interconnect-line in a wiring model used by the IC layout, 

27. The method of claim 24, wherein said distance prowdes an estimate of 
interconnect-line length needed to connect the circuit elements ot the net. 

28. The method of claim 27, wherein said estimate is a lower-bound estimate. 

29. The method of claim 27, wherein said e§umate is measured to obtain a 
placement cost of an initial placement configurationj 

30. The method of claim 27 further c/mprising: 



a) modifying the iM)sitior( of at least one circuit elements of the net; 



and 




b) after s^ modiiication, 

cpn^m^cting a second bounding box that4ncompasses the 
circuit elements of the ne/; aKd 

ising a diagonal^liijetojn^sure the distance between two 
comers of the second bj^^ndi^g box to obtain a second estimate of the interconnect-line 
length needed to connefc^ th^ circuit elements of the net. 

31. The mefihod of claim 23, wherein the diagonal line forms a 45° angle with 
respect to a side of the/lC layout. 
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/ 

32. The method of clam 23, wherein the diagonal lin^' forais a 120° angle with 
respect to a side of the IC layout. 

33. The method of claim 23, wherein the circj/it elements include pins of 
circuit modules. 



34. The method of claim 23, wh^ 
modules. 



circuit elements include circuit 



35. For an electronic design automation application, a method of placing 
circuit modules in an integrate^ circuit (ylC") layout, wherein said IC layout includes a 
plurality of nets and uses a ^ir^g mo^el that includes diagonal lines, each net including a 
plurality of circuit elements in the Yt layout, the method comprising: 

a) for each rarticular net, constructing a b^jmding box that 
encompasses the circuit elements ofih€;j)articular net; 



b) 

particular bounding b 
of some of the construe 

c) 



or ?ach particular bounding box, measuring an attribute of the 
herein the method uses diagonal lines to measure the attributes 
d bounding boxes; and 



combining said attribute measurements to obtain an estimate of 
interconnect-line len^lj necessary to connect the circuit elements of the nets in the IC 
layout. 
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36. The method of claim 35, wherein the combining of attribute 
measurements comprises adding said measurements. 

37. The method of claim 35, wherein measuring the attribute of each particular 
bounding box comprises measuring the distance between two opposing comers of the 
particular bounding box, wherein at least a portion of said distance for some of the 
constructed bounding boxes is traversed by a diagonal line. 

38. The method of claim 37, wherein measuring the distance between the two 
comers of a bounding box comprises usipg''^r equation D= [L - {S (cos A / sin A)}] + 
S/sin A, wherein D is the measured distance^ L is the length of a long side of the 
bounding box, S is zero or the length of ar short side of the bounding box, and A is an 
angle formed by a diagonal li/e with ^side of the IC layout when S is not zero. 

39. The method of clainJ 38, wherein the angle A corresponds to the angle of 
at least one type of diagonal interconnect-line in the wiring^nodel used by the IC layout. 

40. The metjlod of )&'laih^^39, wherein tlje^iring model further includes 
Manhattan lines. 



41. The 



circuit modules. 



ithod 



42. The niethoc 



modules. 



f claim 35, wherein the circuit elements include pins of 



of claim 35, wherein the circuit elements include circuit 
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43. For an electronic design automation application, a method of placing 
circuit modules in an integrated circuit ("IC") layout, wherein said IC layout includes a 
net and a plurality of circuit elements, wherein the net represents interconnections 
between a set of circuit elements, the method comprising: 

constructing a connection graph that models the topology of interconnect 
lines for connecting the circuit elements of the net, 

said connection graph having edges, each edge connecting two circuit 
elements of the net, wherein at least one of the edges is at least partially diagonal. 

44. The method of claim 43 further comprising: 
calculating the length of the edges of the graph; and 
combining the length calculations of the edges of the graph. 

45. The method of claim 44, wherein the combining of said length calculations 
comprises adding said measurements. 

46. The method of claim 44, wherein to calculate the length of each edge that 
connects two circuit elements, the method further comprises: 

a) constructing a bounding box that encompasses the two circuit 
elements, said bounding box having a long side with a length L and a short side with a 
length S, said diagonal edge forming an angle A with a side of the IC layout, wherein the 
two circuit elements are at two comers of the bounding box; 

68 Atty.Docket No.:SPLX.P0002 



b) calculating the distance (D) between the two comers of the 
bounding box by using the equation D= [L - {S (cos A / sin A)}] + S/sin A, 

47. The method of claim 46, wherein the angle A corresponds to the angle of 
at least one type of interconnect-Iine in a wiring model used by the IC layout. 

48. The method of claim 44, wherein the combined length calculation 
provides an estimate of interconnect-line length needed to connect the circuit elements of 
the net. 

49. The method of claim 48, wherein said estimate is measured to obtain a 
placement cost of an initial placement configuration. 

50. The method of claim 48 further comprising: 

a) modifying the position of at least one circuit elements of the net; 

b) after said modification, 

constructing a second connection graph that models the 
topology of interconnect lines for connecting the circuit elements of the net, said second 
graph having a number of edges, each edge connecting two circuit elements, and 

calculating the length of the edges of the second connection 

graph, 
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c) to calculate the length of each edge that connects two circuit 

elements, 

constructing a bounding box that encompasses the two 
circuit elements, said bounding box having a long side with a length L and a short side 
with a length S, wherein at least one type of interconnect-line in a wiring model used by 
the IC layout forms an angle A with a side of the IC layout; 

calculating the length (D) of the edge by using the equation 
D= [L - {S (cos A / sin A)}] + S/sin A. 

d) combining the length calculations of the edges of the graph. 

5 1 . The method of claim 44, wherein the IC layout includes a plurality of nets, 
each net having a plurality of circuit elements, the method comprising: 

a) for each particular net, constructing a connection graph that models 
the topology of interconnect lines for connecting the circuit elements of the particular net, 
said connection graphs having edges, wherein some of the edges are at least partially 
diagonal; 

b) calculating the length of the edges of the graphs; and 

c) combining the length calculations to obtain an estimate of the 
interconnect-line length needed for connecting the circuit elements of the nets. 
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52. The method of claim 43, wherein the diagonal edge forms a 45° angle with 
respect to a side of the IC layout. 

53. The method of clam 43, wherein the diagonal edge forms a 120° angle 
with respect to a side of the IC layout. 

54. The method of claim 43, wherein the circuit elements include pins of 
circuit modules. 

55. The method of claim 43, wherein the circuit elements include circuit 
modules. 

56. The method of claim 43, wherein the connection graph is a minimum 
spanning tree. 

57. The method of claim 43, wherein the connection graph is a Steiner tree. 

58. For an electronic design automation application, a method of placing 
circuit modules in an integrated circuit ("IC") layout, wherein said IC layout includes a 
plurality of nets each of which includes a plurality of circuit elements in the IC layout, 
wherein the EDA application includes a wiring model that defines different types of 
interconnect lines for connecting the circuit elements of the nets, said wiring model 
having diagonal lines, the method comprising: 

a) for each particular net, defining a minimum spanning tree that 
models the topology of interconnect lines for connecting the circuit elements of the 
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particular net, said minimum spanning trees having edges, wherein at least one of the 
edges of at least one of the minimum spanning trees is at least partially diagonal, 

b) calculating the length of the edges of the minimum spanning trees; 

and 

5 c) combining the length calculations to obtain an estimate of the total 

interconnect-line length needed for connecting the circuit elements of the nets. 

59. The method of claim 58, wherein some of the diagonal edges are in the 

□ same direction as some of the diagonal lines in the wiring model. 

iU 60. The method of claim 58 further comprising: 

ii a) moving a circuit element from a first location in the IC layout to a 

second location in this layout; 

t J b) for each net containing the moved circuit element, defining a new 

□ minimum spanning tree that models the topology of interconnect lines for connecting the 
circuit elements of the particular net after the move, said minimum spanning trees having 

15 edges, wherein at least one of the edges of at least one of the minimum spanning trees is 
at least partially diagonal, 

c) calculating the length of the new minimum spanning trees to 
estimate the change in the total interconnect-line length. 
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^ 61 . For an electronic design automation application, a method of placing 
circuit modules in an integrated circuit ("IC") layout, wherein said IC layout includes a 
plurality of nets each of which includes a plurality of circuit elements in the IC layout, 
wherein the EDA application includes a wiring model that defines different types of 
interconnect lines for connecting the circuit elements of the nets, said wiring model 
having diagonal lines, the method comprising: 

a) for each particular net, defining a Steiner tree that models the 
topology of interconnect lines for connecting the circuit elements of the particular net, 
said Steiner trees having edges, wherein at least one of the edges of at least one of the 
Steiner trees is at least partially diagonal; 

b) calculating the length of the Steiner trees; and 

c) combining the length calculations to obtain an estimate of the total 
interconnect-line length needed for connecting the circuit elements of the nets. 

62. The method of claim 61, wherein some of the diagonal edges are in the 
same direction as some of the diagonal lines in the wiring model. 

63. The method of claim 61 ftirther comprising defining a set of Steiner points 
for at least some of the nets. 

64. The method of claim 61 further comprising: 
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a) moving a circuit element from a first location in the IC layout to a 
second location in this layout; 

b) for each net containing the moved circuit element, defining a new 
Steiner tree that models the topology of interconnect lines for connecting the circuit 
elements of the particular net after the move, said new Steiner trees having edges, 
wherein at least one of the edges of at least one of the new Steiner trees is at least 
partially diagonal, 

c) calculating the length of the new Steiner trees to estimate the 
change in the total interconnect-line length. 

65. For an electronic design automation applicanon, a method of placing 
circuit modules in an integrated circuit ("IC") layout, Wherein the application uses a set of 
nets, and each net specifies a set of circuifelements in the layout, the method comprising 

a) partitioning di/tg\ox^/pi the IC layout intojtwo sub-regions by using 
a diagonal cut line; 

b) measurmg tne/nuikber of net§/fhat have circuit elements in both the 
sub-regions created by the d/agonal cut jine. 

66. The methofl of claim 65 further comprising changing the positions of the 
circuit elements in sai^region to reduce the number of nets that have circuit elements in 
both sub-regions. 
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67. The method of claim 66 wherein changing the positions of the circuit 
elements comprises using a KLFM optimization process. 

68. The method of claim 66 wherein changing the positions of the circuit 
elements comprises using annealing optimization process. 

69. The method of claim 66 whereiiychanging the positions of the circuit 
elements comprises using a local optimization process. 

70. The method of claim 66 further comprising: 

a) partitioniag on/ of the sub-regions into two smaller sub-regions by 
using a second cut line; 

b) measiaring the number of nets that have circuit elements in both of 
the smaller sub-regions createa by the second cut lim 



71. 



methotyof claim 70 wherein the second cut line is a diagonal line. 



72. yThe method of claim 7)/wherein the second cut line is a vertical line. 

73. // The method oTclaim 70 wherein the second cut line is a horizontal line. 

74. if The method of claim 70 further comprising changing the positions of the 
circuit elements in ftie sub-region to reduce the number of nets that have circuit elements 
in both of the smaller sub-regions. 
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75. The method of claim 65, wherein said region defined by partitioning a 
bigger region by using a third cut line. 

76. The method of claim 75, wherein the third cut line is a diagonal line. 

77. The method of claim 75, wherein/me third cut line is a vertical line. 

78. The method of claim 75, wherein the third cut line is a horizontal line, 

79. For an electronic desigr/automation application, a method of placing 
circuit modules in an integrated cirouit layout, wherein the application uses a set of nets, 
and each net specifies a set of circuit elements in the layout, the method comprising: 

a) d^nj^g a diagonal cut line that partitions a region of the IC layout 
into two sub-regions^ 

hi /determining the number of nets intersected by the diagonal cut line; 

^ / changing the positions of thecircuit modules between the sub- 
regions to4hiniirii^ the number of nets intersected by the diagonal cut line. 

^0. /The method of clainr79 wherein changing the positions of the circuit 
elernfe^ts comprises using-aiCLFM optimization process. 

8 1 . / The method of claim 79 wherein changing the positions of the circuit 
elements Comprises using annealing optimization process. 



76 



Atty.Docket No.:SPLX.P0002 



• 



/ 



82. The method of claim 79 wherein changing the^ositions of the circuit 
elements comprises using a local optimization process. 

83. The method of claim 79 further commising: 

a) defining a second cut lin^ that partitions one of the sub-regions into 
two smaller sub-regions; 

b) determining the 9umber of nets intersected by the second cut line; 

and 



c) changing the positions of the circuit modules between the smaller 
sub-regions to minimize the number of nets intersected by the diagonal cut line. 

84. The method of claim 83 wherein the second cut line is one of a diagonal 

line, a horizontal line; and a vertical line. 

ft « 

85. The method of claim 83 further comprising changing the positions of the 
circuit element/ in me sub-region partitioned by^e second cut line to reduce the number 
of nets that Have circuit elements in both ofthe smaller sub-regions. 

86/ /^he nii^thod of cl^m 79, wherein said region was defined by partitioning a 

//. h 

bigger region' py using a third cut line. 

s7. // The method of claim 86, wherein the third cut line is one of a diagonal 
line, a vertical line, and a horizontal line. 
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